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Observations    on    the    Temperature  of    the    Arctic    Sea    in    the 
neighbourhood  of  Spitzbergen.  By  John  C.  Wells^  Capt.  R.N. 

While  almost  every  other  nation  is  making  its  effort  to  promote  scien- 
tific discoveries  in  the  high  latitudes  of  the  north,  England  remains 
inactive. 

My  object  in  addressing  the  following  remarks  to  the  Eoyal  Society  is  ^ 
to  bring  to  its  notice  the  voyages  of  the  '  Samson '  yacht,  and  to  direct 
attention  to  some  points  on  the  temperature  of  the  Arctic  Sea,  to  which 
access  is  obtained  through  the  broadest  gateway  to  the  north,  i.  e.  that 
between  Greenland  and  Norway,  the  portal  of  which  is  guarded  by 
Spitzbergen.  In  the  western  portion,  along  the  coast  of  Greenland,  it  is 
more  or  less  blocked  with  ice,  and  the  water  is  cold.  In  the  eastern  part, 
in  the  vicinity  of  Spitzbergen,  there  is  wai-m  water  and  an  open  sea  at 
certain  seasons  of  the  year  as  far  north  as  81°,  and  in  some  years  one  or 
two  degrees  further.  Nearly  all  the  discoveries  in  these  regions  have 
been  made  by  persons  engaged  in  commercial  enterprise ;  so  that,  even 
when  favourable  opportunities  offered,  their  interests  restrained  them  from 
taking  advantage  of  the  same. 

In  1871  Mr.  B.  Leigh  Smith  made  a  cruise  in  his  schooner  yacht '  Samson,' 
and  reached  81°  24'  N.,  with  an  open  sea  before  him,  comparatively  free 
from  ice.  The  pack-ice  was  drifting  southwards,  and  the  water  at  the  sur- 
face was  33°  F.,  while  at  300  fathoms  it  was  42°  F.  This  fact  was  ob- 
served by  Capt.  Scoresby  in  lat.  78°  N.,  O'-IOW.,  surface^  32°  P.,  and  at  a 
depth  of  760  fathoms  38°  F.  In  1872  a  second  cruise  was  undertaken, 
in  which  I  had  the  pleasure  of  accompanying  Mr.  Smith.  On  this  occa- 
sion the  sea  was  crowded  vrith  ice,  and  the  ship  was  beset.  The  ice  had 
evidently  required  more  than  one  year  for  its  formation ;  its  surface  was 
covered  vsdth  opaque  snow,  and  was  generally  flat,  and  in  no  case  rose 
higher  than  the  gangway  of  the  Uttle  schooner. 

0\^Tng  to  the  floes  presenting  a  comparatively  smooth  surface,  with  a 
total  absence  of  icebergs,  we  were  led  to  form  the  opinion  that  no  land 
can  exist  in  the  vicinity  immediately  north  of  Spitzbergen,  as  the  southerly 
drift  would  be  sure  to  bring  down  floating  bergs,  which  are  always  formed 
in  the  valleys  of  northern  land. 

On  this  occasion  observation  ■with  the  Mdler-CaseUa  thermometer 
confirmed  the  result  of  the  previous  year,  viz.  gradual  increase  of  tempe- 
rature at  great  depth.  On  July  12fch,  when  in  8Q°JT,N.,  and  when  the 
vessel  was  fixed  in  the  ice,  the  temperature  gradually  increased  to  64°  F.     ^  * 

:  a  depth  of  600  fathoms.     These  facts  indicate  thft  sontViwarrl  flnw  ^f     /(/}  S(jV 
vast  body  of  warm  water.     It  cannot  be  said  that  the  heat  is  derived     ""^^■•^ 
■cm  the  Gulf-stream,  because  nowhere  in  its  course,  even  in  such  lati- 
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tudes  as  50°  or  60°,  does  it  acquire  so  high  a  temperature,  even  at  the 
surface  ;  and  it  is  highly  improbable  that  the  general  warmth  of  the  ocean 
along  the  west  coasts  of  North  Europe,  on  the  shores  of  Xorway,  coiild 
/  'l\_  possibly  be  supplied  by  the  limited  body  of  warm  water  wliich  leaves  the 

.rsfl.  Gulf  of  Florida.     If  the  whole  of  the  Grulf-stream  water  were  spread  over 

the  warm-Avater  area  in  the  north,  its  depth,  even  allo\^ing  the  most 
liberal  estimate  for  its  volume,  would  not  exceed  10  fathoms ;  whereas 
rfjyy/uUAji/^  warm  Abater  of  42°  F.  occurs  to  the  depth  of  -lOO  fathoms  hi  this  region, 
and  north  of  Spitzbergeu  it  is  found  as  high  as  64°  F.  at  600  fathoms. 
If  it  be  said  that  this  temperature  is_due  to  the  northward  drifting 
of  the  Atlantic  fi'om  warmer  localities,  we  are  met  by  two  difficulties, 
of  \\hich  one  is,  that  the  soundings  obtained  by  Carjjenter  and  others  gave 
temperatures  muchbelow  64°,  and  the  other  is,  that  the  waters  flowsouth, 
not  north.  Volcanic  action,  or  a  warm  mineral  spring  rising  from  the 
ocean-bottom,  may  by  some  be  imagined  to  be  the  cause  of  the  tempera- 
ture of  64° ;  but  there  is  no  evidence  of  either  of  these  agencies,  and  it  is 
quite  reasonable  to  suppose  any  other  feasible  cause.  Passing  over  the 
discovery  of  64°  F.  at  this  depth,  we  still  have  to  account  for  the  water 
of  42°  F.  flofliug  southwards,  as  evidenced  by  the  increase  of  its  tempera- 
.  ture  as  we  proceeded  northwards, 

I  LxCl^  (     Jt  is  clear  that  this  question  of  temperature  requires  further  investiga- 
a  /  tioji :  and  it  is  also  eleax  that  whate\er  the  residt  may  be,  it  \\ill  materially 

v'i^         \    affect  all  the  prevailing  theories  respecting  oceanic  currents.     It  is  not 
r         /    improbable  that  this  warm  \A-ater  flows  from  the  circumpolar  region  ;  and 
^^  if  so,  it  would  indicate  a  circum])olar  sea.  ""       "  ~~^ 

Many  facts  are  knoA^Ti  \\hich  are  consistent  with  this  view.     Every  year 
the  edge  of  the  pack-ice,  and  the  ice-fields  themselves,  break  up  and  drift 
south,  at  a  rate  sometimes  equal  to  thirteen  miles  a  day,  as  f  oimd  by  Capt. 
Parry.     This  does  not  occur  when  the  northern  ocean  is  wholly  covered 
with  ice,  ui  the  winter  season.     The  drifting  of  the  ice  (as  also  currents) 
I  P         implies  a  sea  free  of  ice  somewhere  in  the  north,  occupving  an  area  at 
v^  .^  •        least  as  extensive  as  the  dn?t-ice.     As  has  been  seen,  some  of  the  ice  is 
i- v-'''^     the   result  of   more   than   one   year's   growth :   and  as  the   ice  travels 
^  ^-••^^''"^      southerly,  say,  from  four  to  thirteen  miles  or  more  per  diem,  a  similar 
I  area  of  open  sea  must  be  simultaneously  forming  roimd  the  pole,  the  iee- 

[  lioles  and  clear  spaces  in  the  di-ift-ice  being  quite  insufficient  to  make  up 

for  the  space  left  by  the  ice  duiing  the  summer.  The  great  abmidance  of 
animal  Hf  e  in  the  waters  of  the  liighest  latitudes  reached  indicates  that  the 
A^-ater  is  not  ice-cold  ;  and  the  migration  of  numerous  species  to  the  north 
of  80°  shows  that  the  means  of  subsistence  can  be  obtained.  There  is 
reason  to  believe  that  \\hales  occur  far  to  the  north  of  80° ;  and  if  so,  there 
must  necessarily  be  sufficient  open  water  to  allow  of  their  finding  ready 
access  to  air. 

In  the  Spitzbergen  seas  a  blue,  cloud-like  appearance  is  well  known  as 
a  sign  of  open  water ;  and  this  has  been  seen  on  the  distant  north  horizon 
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even  by  ships  which  have  been  beset  by  ice  in  the  highest  latitudes.  Ice- 
bergs, it  is  well  kuo^^^l,  waste  more  rapidly  below^  the  surface  than  in  the 
ail',  causing  them  to  topple  over  frequently,  obviously  the  effect  of  the 
warm  current.  """"  '    ^      -^ 

The  question,  then,  is,  from^Avhence  do  the  warm  waters  come  ?  and   Ci^***'i^ 
how  do  they  acquire  their  heat "?     And  this  is  one  of  the  questions  ^^-hich 
a  polar  voyage  by  way  of  Spitzbergeu  would  almost  certainly  elucidate. 
Another  important  subject  of  investigation  would  be  the  conditions  imder  ' 

which  the  prevalent  north  winds  of  high  latitudes  originate.  There  is 
one  argument  beaiing  upon  the  temperature  of  the  circumpolar  seas  Mhich 
should  not  be  overlooked.  During  six  months  of  the  year  the  sun  is  above 
the  horizon ;  and  although  the  rays  may  be  oblique,  still  the  waters  may 
acquire  a  kigher  temperature  than  under  similar  conditions  further  south, 
owing  to  there  being  little  or  no  cooling  from  nocturnal  radiation,  and 
probably  to  the  constant  drjniess  of  the  air  allowing  the  sun  to  strike 
with  full  power.  During  the  -ninter  these  causes  would  intensify  the  cold. 
The  occurrence  of  warm  water  is  by  no  means  confined  to  the  sea  around 
Spitzbergen ;  but,  before  referring  to  other  regions,  we  may  mention  that 
a  set  of  instruments  for  taking  soundings  and  deep-sea  temperatures  was 
supphed  this  year  by  Mr.  Smith  to  Capt.  David  Gfvej,  of  the  whaler  '  Eclipse,' 
whose  father,  in  the  year  1855,  supphed  the  valuable  information  and 
survey  of  the  extension  of  Pond's  Bay,  now  called  Eclipse  Sound.  His 
observations  were  made  in  the  middle  of  the  sea,  between  Greenland  and 
Norway,  and  along  a  hue  running  north-easterly  from  Iceland.  They 
couicide  mth  Dr.  Carpenter's  observations,  proving  the  termination  of  the 
Gulf-stream.  In  June  1854  Morton  advanced  beyond  Keimedy  Channel, 
and  saw  open  water  as  far  as  the  horizon,  visible  from  a  hill  500  feet  high. 
The  wind  was  from  the  north-west,  and  a  rain-cloud  was  seen  in  the 
distance  above  the  open  sea.  The  water  was  setting  in  a  strong  current 
south,  and  the  ice  along  the  shores  was  in  a  rapid  state  of  dissolution. 
The  water  was  found  in  the  several  places  tried  to  be  weU  above  the 
freezing-point ;  and  in  one  place,  some  distance  from  the  ice-foot,  and  at  a 
depth  of  5  feet,  the  temperature  was  40°  F.  There  -n'as  a  strong  tide 
from  the  north.-  Kane's  vessel  wintered  in  Eenselaer  Harbour ;  the  strait 
was  bridged  across  by  ice,  with  a  current  running  south  flowing  beneath 
it.  Although  the  open  waters  above  alluded  to  may  not  be  direct  evidence  (j  / 
of  a  comparatiAely  mild  circumpolar  region,  jet  the  stream  of  warm  water  ^  f^  ^^ 
coming  froni  the  north  seems  to  indicate  it.  fl'lu/  Jc-/~^ 

AVhert'  cai^T_^this_ water  acquire  its  warmth  ?     Sir  John  Eichardsou  sug-    /  Cc\^A.■^A~^ 
gests  that  it  is  derived  from  the  warm  area  near  Spitzbergen  ;  but  this  if^     z  ' 

not  supported  by  evidence,  which  indicates  that  in  both  areas  the  water    0  .y^^ 
comes  from  the  north.     It  has  been  suggested  that  it  is  a  continuation  of      //a<^ 
the  Gulf-stream,  apparently  because  it  is  supposed  to  supply  all  the  warm    7\-cV-^4a~' 
water  in  the  Arctif  seas ;  but  if  there  is  no  reason  for  belie\iug  that  the   ,,^/» 
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less  credible  in  the  ease  of  the  Kennedy-Strait  water.  It  has  been  sug- 
gested that  the  source  of  warmth  is  the  northward  flow  of  the  general  mass 
of  the  Xnrtjj  Atlnntir'.^  If  this  did  account  for  the  warmth  of  the  Spitz-' 
bergen  area,  although  this  ^-iew  would  be  with  difficulty  reconciled  \\ith 
a  southward  flow  of  Arctic  water,  it  would  be  quite  inapplicable  to  the 
Kennedy-Cliannel  area. 
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Temperatures  tak^u  by  Mr.  B.  Leigh  Smith  and  Capt.  Wells,  E.N. 

1872. 

Station. 

Lat. 

Long. 

Depths 
in 

Temperature. 

i 

fathoms. 

Air. 

Sur- 
face. 

Min. 

Max. 

:     June 

'        1. 

1. 

68  52 N. 

6  40  W. 

600 

42 

371 

30 

374 

i      13. 

2 

75    6N. 

2  30  W. 

100 

36 

31 

28 

35 

:      15. 

3. 

75    7N. 

3  48W. 

100 
50 

36 

32 
31 

28 
29^ 

35 
32i 

17. 

4. 

76  13 N. 

2  22  W. 

100 

34 

31 

29i 

34 

^      18. 

5. 

76    3N. 

0  10  E. 

150 

200 

35 

33 
33 

m 
m 

40 
48 

19. 

1 

6. 

76  21 N. 

1     5E. 

150 
250 

35 

32 
32 

304 
30i 

32 
39i 

20. 

7. 

76  35  N. 

0    3W. 

6 
25 
1.50 

34 

33 
33 
33 

30 

30 
30 

33 
35 

22. 

8. 

76  41 N. 

2  low. 

i.->o 

35 

32 

29i 

394 

27. 

9. 

77  18 N. 

5    OE. 

25 
250 

37 

34^ 

3^ 

32 
32 

344 
39 

July 

1. 

10. 

78  20  N. 

7    2E. 

6 

600 

36 

36 
36 

33 
3.3^ 

36 
364 

6. 

1 

11. 

79  .W  N. 

6  34  E. 

6 

12 

25 

50 

200 

Bottom 

35 

344 
34| 
34i 
34^ 
34i 

33 
.33 
33 
33 
33 

344 

35 

37 

37 

40 

7. 

12. 

80    4N. 

5  12  E. 

600 

37 

34A 

3H 

39 

10. 

1.3. 

80  23 N. 

9    OE. 

12 

50 

Bottom 

35 

31 
31 

28 
28 

31 
314 

12. 

14. 

80  .32  ^'. 

0  50  E. 

600 

36 

31 

28i 

64 

vw^<-^ 
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Among  the  many  advantages  that  would  result  from  circumpolar 
research  and  the  following  up  of  this  warm  current,  not  the  least  im- 
portant would  be  the  insight  which  it  would  probably  afford  as  to  the 
regulating  influences  of  the  weather  of  North  Europe,  or  generally  of  the 
northern  hemisphere.  Meteorologists  have  long  suspected  that  the 
weather  in  Western  Europe  depends  in  some  way  upon  what  has  hap- 
pened m.  the  vicinity  of  the  pole.  The  many  advantages  to  be  gained  to 
science  by  circumpolar  navigation  cannot  be  doubted.  Among  them 
would  be  careful  observations  of  the  currents  and  temperatures  of  the 
surface  and  at  various  depths,  and  organisms  which  doubtless  would  be 
obtained  by  dredging,  as  far  as  practicable,  iu  the  bed  of  the  Arctic  Sea,  in 
the  highest  latitude,  and  the  probable  extension  of  the  whale-fisheries,  as 
well  as  the  discovery  of  new  land,  should  such  exist. 

June  1. — The  edge  of  the  ice  was  170  miles  distant,  and  the  warm 
water  was  found  at  the  surface,  and  cold  water,  which  is  of  greater 
density,  below. 

June  13. — The  soundiag  was  taken  at  the  edge  of  the  pack.  If  the 
experiments  had  been  continued,  increasing  temperature  would  pro- 
bably have  been  found  at  a  lower  depth,  as  was  the  case  further  north. 

June  15. — To-day  we  were  well  iu  the  ice,  and  had  only  time  to  sound 
in  50  fathoms  ;  but  even  here  we  found  an  increasing  temperature. 

June  17. — Being  far  in  the  ice,  we  only  found  a  sKght  increase. 

Jwu  18. — A  second  sounding,  50  fathoms  deeper  than  yesterday,  when 
sailing  among  large  pieces  of  floe-ice,  gave  an  increasing  temperature  up 
to  48°  E. 

June  19. — To-day  we  had  an  increase  of  7°  above  the  surface-tempera- 
ture at  250  fathoms  deep,  although  but  10  miles  distant  from  yesterday's 
soundings ;  but  the  ice  was  more  open :  probably  evaporation  occurred 
here,  owing  to  the  surface  not  befng  so  closely  covered  with  ice. 

June  20. — The  first  sounding  shows  the  water  to  be  coldest  at  the  ice-     /" 
foot ;  the  second  and  third  prove  the  increasing  temperature,  which,  as    (  ^  ^ 
we  were  somewhat  more  closely  packed  in  the  ice,  increased  more  quickly,    ) 
and  39°  F.  is  obtained  at  150  fathoms  deep. 

June  22. — Here  we  were  more  clof^ely  packed.  The  surface  was  a  degree 
colder  than  yesterday,  and  the  water  at  the  ice-foot  had  also  gone  down 
half  a  degree  ;  but  the  warm  stream  below  was  the  same.  If  we  had  had 
time  to  soimd  at  greater  depths,  the  temperature  of  the  water  would  in 
all  probability  have  been  found  still  on  the  increase.  / 

June  27. — In  this  case  we  haA^e  the  warm  current  clearly  defined  at  250   y*l}lj /\^ 
fathoms  depth,  being  kept  below  by  the  lighter  ice-water,  which  is  nearly   • 
fresh  and  of  less  specific  gravity.  V» 

July  1. — We  were  clear  of  the  ice,  and  had  a  lower  temperature  than 
before  obtained.  If  the  flow  of  warm  water  came  from  the  south,  the 
surface-temperature  would  have  been  greater  than  any  temperature  as 
yet  obtained,  because  of  the  absence, of  ice. 
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Juh/  6. — This  observation  shows  a  gradual  increase  as  far  do\Mi  as 
200  fathoms.  We  were  well  in  the  ice,  and  were  prevented  from  con- 
tinuing our  sounding-operations.  Little  evaporation  has  taken  place, 
ox^ing  to  the  closeness  of  the  ice  and  the  gradual  increase  of  the  tem- 
perature, T^-ith  one  exception,  wliich  occurred  on  the  18th  of  June,  when 
a  temperature  of  4S°  was  obtained, — shoeing  that  the  temperatures  are 
materially  affected  by  local  causes,  the  closeness  of  the  pack  or  the  opening 
of  the  ice  allowing  evaporation  to  take  place. 

July  7. — Here,  where  the  ice  is  close,  there  is  a  great  difference  l^e- 
tween  the  surface  temperature  and  that  at  the  ice-foot.  We  pulled  up  a 
very  beautiful  description  of  starfish,  which  would  not  be  likely  to  inhabit 
this  warm  current  were  it  of  volcanic  origin. 

Jul)/  10. — The  crew  being  required  elsewhere,  we  could  not  continue 
our  sounding-experiments.  The  sounding  shows  a  decrease  of  tempera- 
ture, owing  to  the  ice-water. 

Juli/  12. — This  remarkable  sounding  was  carefully  registered  specially 
by  Mr.  Smith,  who  saw  the  index  before  it  was  immersed  and  immediately 
on  its  comiug  up.  This  shows  a  gradual  increase  of  temperature  towards 
the  north,  ])ro-\-ing  the  current  ^o  come  from  the  north ;  and  its  tempera- 
ture being  above  that  of  the  Gulf-stream,  where  it  disperses  itself,  is  a 


proof  it  is  in  no  way  connected  \^ith  it.  , 

The  thermometer  has  since  been  examined  by  Mr.  L.  P.  Casella,  who 
certifies  that  it  "  has  been  tested  in  the  hydraulic  press,  as  well  as  care- 
fully compared  ^^ith  my  standard,  and  found  correct  in  every  ^^•ay,  no 
change  whatever  having  taken  place  in  the  instrument." 

'hx,  'TX^^A^ A..M-*-<z: ^h^'^^^^ 
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1872.]  Temperature  of  the  Arctic  Sea.  97 

Temperatures  taken  by  Capt.  David  Grey,  of  the  '  Eclipse '  Whaler. 


1872. 

Station. 

Lat. 

Loeg.  .. 

Depths 

Temperature. 

fathoms. 

Air. 

Sur- 
face. 

Min. 

Max. 

April 
13. 

15. 

68  45N. 

,,13  58  W. 

220 

29 

28-8 

32 

15. 

16. 

68  ^-M. 

15  40  W. 

220 

29 

29 

31-5 

20. 

17. 

68  12 N. 

16  40  W. 

270 

28-8 

28 

31 

May 
14. 

18. 

75    ON. 

16  20  E. 

Bottom 

85 

29 

29 

32 

June 
6. 

19. 

78  20 N. 

0  20  E. 

400 

30 

30 

33 

8. 

20. 

78  14 N. 

0  18  W. 

220 
400 

3a 

30 

29 
30 

30 

32 

18. 

21. 

75    5N. 

6  15  W. 

400 
200 

32 
32 

29-5 
30 

32 
32 

23. 

22. 

74  SON. 

6  50  W. 

100 
400 

32 
31 

30 
30 

32 
32 

July 

23. 

200 

34 

30-5 

34 

April  13,  15,  20. — "When  these  three  soundings  were  taken  the  ship 
was  frozen  in  the  pack ;  stiU  there  is  a  slight  increase  of  temperature  at 
the  lowest  depth. 

May  If.— Ofi  Bear  Island. 
:_  June  6,  8. — Here  '  Eclipse '  was  75  miles  inside  the  pack. 
\june  18,  23,  July  3.— Made  fast  to  a  large  floe,  about  90  miles  inside 
W^  pa^ck. 
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